Aging increases stromal/osteoblastic cell-induced osteoclastogenesis and alters the osteoclast precursor pool in the mouse.
Stromal/osteoblastic cell expression of RANKL and M-CSF regulates osteoclastogenesis. We show that aging is accompanied by increased RANKL and M-CSF expression, increased stromal/osteoblastic cell-induced osteoclastogenesis, and expansion of the osteoclast precursor pool. These changes correlate with age-related alterations in the relationship between osteoblasts and osteoclasts in cancellous bone. Bone mass is maintained through a balance between osteoblast and osteoclast activity. Osteoblasts regulate the number and activity of osteoclasts through expression of RANKL, osteoprotegerin (OPG), and macrophage-colony stimulation factor (M-CSF). To determine whether age-related changes in stromal/osteoblastic cell expression of RANKL, OPG, and M-CSF are associated with stimulation of osteoclastogenesis and whether the osteoclast precursor pool changes with age, we studied cultures of stromal/osteoblastic cells and osteoclast precursor cells from animals of different ages and examined how aging influences bone cell populations in vivo. Osteoclast precursors from male C57BL/6 mice of 6 weeks (young), 6 months (adult), and 24 months (old) of age were either co-cultured with stromal/osteoblastic cells from young, adult, or old mice or treated with M-CSF, RANKL, and/or OPG. Osteoclast precursor pool size was determined by fluorescence-activated cell sorting (FACS), and osteoclast formation was assessed by measuring the number of multinucleated TRACP(+) cells and pit formation. The levels of mRNA for RANKL, M-CSF, and OPG were determined by quantitative RT-PCR, and transcription was measured by PCR-based run-on assays. Osteoblast and osteoclast numbers in bone were measured by histomorphometry. Osteoclast formation increased dramatically when stromal/osteoblastic cells from old compared with young donors were used to induce osteoclastogenesis. Regardless of the origin of the stromal/osteoblastic cells, the number of osteoclasts formed from the nonadherent population of cells increased with increasing age. Stromal/osteoblastic cell expression of RANKL and M-CSF increased, whereas OPG decreased with aging. Exogenously administered RANKL and M-CSF increased, dose-dependently, osteoclast formation from all donors, but the response was greater in cells from old donors. Osteoclast formation in vitro positively, and the ratio of osteoblasts to osteoclasts in vivo negatively, correlated with the ratio of RANKL to OPG expression in stromal/osteoblastic cells for all ages. The effects of RANKL-induced osteoclastogenesis in vitro were blocked by OPG, suggesting a causal relationship between RANKL expression and osteoclast-inducing potential. The osteoclast precursor pool and expression of RANK and c-fms increased with age. Our results show that aging significantly increases stromal/osteoblastic cell-induced osteoclastogenesis, promotes expansion of the osteoclast precursor pool and alters the relationship between osteoblasts and osteoclasts in cancellous bone.